WHAT IS CLAIMED IS: 



1. A brushless DC motor, comprising; 



/ 



a rotor assembly including a rotatable shaft having a permanent 
magnet affixed to the shaft; ^/ 



a plurality of coils for producing a magnetic field for applying a torque 
5 to the rotor assembly, said coils including end turns that enclose the rotor assembly 
such that the rotor assembly is not removable; and 

a stator stack made of a stator magnetic material for/providing a 
magnetic flux return path. 

10 2. The DC motor of Claim 1 further comprising a winding^form being configured 



to receive the plurality of coils. 

3. The DC motor of Claim 2 wherein the y^inding form further includes a 
tube, a plurality of teeth, and an end plug. 



4. The DC motor of Claim 3 wherejn the tube, end plug, and teeth are 
15 made from a molded plastic. 

5. The DC motor of Claim 1 wherein the coils are wound in a three phase 
winding configuration selected from th9 group of: delta configuration and wye 
configuration. 

6. The DC motor of G!'laim 5 wherein the coils are connected in the delta 
20 configuration. 

7. The DC motc^r of Claim 1 wherein the coils are layer wound. 



8. The DC motor of Claim 1 wherein the stator magnetic material is a 
laminated silicon stee/ 



9. The^DC motor of Claim 1 further comprising a position sensor system 
25 selected from the group comprised of: Hall effect sensors and leakage flux sensors. 

10. / The DC motor of Claim 1 wherein the permanent magnet is 
magnetizecT after the plurality of coils are wound. 
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11. A brushless DC motor, comprising: 

a rotor assembly including a rotatable shaft and a permanent magnel 
affixed to the shaft, said permanent magnet for generating a magnetic field; 

a winding form enclosing the rotor assembly; ^ 
5 a plurality of coils wound upon the winding form for producincf^a 

magnetic field for applying a torque to the rotor assembly, said coils including end 
turns that enclose the rotor assembly such that the rotor assembly is not removable, 
wherein said coils are connected in a three phase delta configuratiop'Tiaving a 
positional relationship with the permanent magnet; 

10 a stator stack made of a stator magnetic materiarfor providing a 

/ 

magnetic flux return path for the magnetic field of the permanent magnet; 

a position sensor system for sensing the positional relationship that 
the coils have with the permanent magnet; and 

a controller coupled to the position sensor for controlling the 
15 application of a power source to the coils in response to the positional relationship of 



the coils and the permanent magnet. 

12. The DC motor of Claim 1 1 wherein the stator magnetic material is a 
laminated silicon steel. 



13. The DC motor of Claim 1 1 wherein the position sensor system is 

20 selected from the group compris^ of: Hall effect sensors and leakage flux sensors, 

14. A cordless power tool, comprising; 

/ 

a power module for supplying electrical energy to the brushless DC 

motor; 

a brushless DC motor for converting electrical energy to mechanical 
25 energy, including; / 

/ a rotor assembly having a rotatable shaft and a permanent 
magnet affixed to the shaft, said permanent magnet for generating a magnetic field; 

a winding form enclosing the rotor assembly; 
a plurality of coils wound upon the winding form for producing 
30 a magnetic^field for applying a torque to the rotor assembly, said coils including end 
turns tharenclose the rotor assembly such that the rotor assembly is not removable, 
whereii^ said coils are connected in a three phase delta configuration; 

a stator stack made of a stator magnetic material for providing 
a magnetic flux return path for the permanent magnet magnetic field; 
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a position sensor system for sensing the positional reiatiop/hip 
between the permanent magnet and the plurality of coils; and / 

^ controller, responsive to said position sensor, for co4olling 
the supply of power to the brushless DC motor; and 

5 a tool interface for interfacing the DC motor with a tool; a/d 

a housing for enclosing the power module, controller DC motor. 

15. The cordless power tool of Claim 14 further compri^ng a gear train 
coupled from the DC motor to the tool interface. 

16. The cordless power tool of Claim 14 wherem^he DC motor further 
10 comprising a winding form being configured to receive t/plurality of coils. 

. ""'^ °f Claim 1 6/herein the winding form further 

/ ^ includes a tube, a plurality of teeth, and an end pl^. 

18. The cordless power tool of Cl^ 1 7 wherein the tube, end plug and 
the teeth are made from a molded plastic. 

15 19. The cordless power tool^f Claim 14 wherein the coils are wound in a 

three phase winding configuration s^.4ted from the group of: delta configuration and 
wye configuration. 

20. The cordless p^er tool of Claim 1 9 wherein the coils are connected 
in the delta configuration. 

20 21. The cordless power tool of Claim 14 wherein the coils are layer 

wound. ^ ^ 

22. The,cordless power tool of Claim 14 wherein the stator magnetic 
matenal is a laminated steel. 

°^ Claim 14 further comprising a position 

Z3 sensor seleded from the group comDrised nf- Haii off^^» 

, y uup cumpnsea ot. Hall effect sensors and leakage flux 

sensors. ' a 
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24. 

of; 




A method Of constructing a brushless DC motor, comprising t/e steps 



5 



Per^anen. ^""^ " of a 

ro.or is assa Jet"" ^'""'""^ '° ^ ^^^^^^^V a 

winding a plurality of coils about the rotor such th/an air oac I. 
maintained between the coils and the rotor; and ^ ' 

10 the rotor. ' """^ ""^ ™ A >hat flows trom 



/ 




/ 



25. The method of Claim 24 further compriing the step of magnetizina 
e m t,3,, ,3,^^,^, ^^^^ ^^^^ ^ permanent^net is formed, wZn Lp 
Of .agnet^ng occurs after the step of winding th4 p,.3,ity of coi.s is compC 



26. The method of Claim 24 whe4in the coils include end tums that 
15 enclose the rotor such that the rotor is no/removable. 



27. 



The rnethod of Clain, 24 further comprising the step of connecting the 



coils in a three phase delta configuJion. whereby the coils have positio a 
relat,onship with the magnetizable^aterial. 



28. 



20 """^ °7'^'"^ 2^ f^^h^^ comprising the steps of 

generated; ' 7 ^'"^'"^^ ^ -gnetic .eld is 

an. .e p.uralit;:::^^^^^^^^^^^ "'-^ -^^-^ --t 

- positional relati:::?" ^ " ^'■"^'^ — ^ ^ sensed 

the stepTof: J "^'"^ -'"^'"^ ^-^er comprises 

providing a winding form that encircles the rotor and 
winding the plurality of coils about the winding form. 
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30. A DC power tool comprising; 



mating with a power module; 



10 



housing defining an interface for mechanically and /ectrically 

/er module; / 

a brushless DC motor operable in a preselected volta^ range to 
conve. electrical power to n^achanica, power, the brushless DC .Cor^Csing. 

magnet a.xea to tbe s^r ' """" 

th. rntr, K, ' """"^ '"'=""''"9 " "indingirm that encircles 

he rotor assembly such that an air gap is maintained betwee/he winding form and 
he rotor assembly, and a plurality o, coils for producing a /gnetic fleid for applying 

2.ue to the rotor assembly, said ceils being wound a/ut an outer surface of he 

Winding form; and / 



15 



20 



a stator stack made of a stat9r magnetic material for providing 
a magnetic flux return path; and / ^ 

a power supply module mechan4lly and electrically configured to 
connect to a source of electric power and to/mate with the low-voltage DC power 
tool, said power supply module being ad/pted to provide a DC voltage in the 
preselected voltage range suitable for pow/ring the low-voltage DC power tool. 

cordless Ltt '''' 7"" '° ^^"^^ ^PP'^ is a 

Z Tr "7 '^'"^ -"«9ured to mate with 

the DC power too. and to contain/a battery assembly having a DC voltage in the 
preselected voltage range suitable for powering the DC power too,, said battery 
power module to provide powepiom the battery assembly to the DC power tool 



32. 



25 cordon I- 'T' °' '° P^-'-^ --PP'y module is a 

corded line power modu/mechanica.ly and electrically configured to mate with the 

DC power tool and being adapted to convert electric power from the source of 
e ectnc power to a D^voltage in the preselected voltage range suitable for powering 
the low-voltage DC pbwer tool. ^ 

30 tH * °' """"^ '° '^^'■'^ '"-'^de end turns 

that enclose th^ rotor assembly such that the rotor assembly is not removable. 

34. / The DC power tool of Claim 33 wherein the winding form further 
includes a , tube, a plurality of teeth, and an end plug. 
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35. 



The DC power tool of Claim 34 wherein the tnh« ^, 
are made from a molded plastic. ' ""^ 



36. 



5 configuration. ^ • "^^'^^ configuration and wye 



/ 

/ 

/ 



The DC power ,.o, o, Cain, 36 wharein .he colls afe connected in ,he 



delta configuration 



38. 



The DC power tool of Claim 36 wherein the coils are layer wound. 



39. The DC power tool of Claim f..rfK^ 
.0 ~. application o, eleCca, ~:.e~:: ^ 



40. 



A brushless DC motor, comprising; 



a rotor assembly including a rotatable shaft h^Vn., o 
magnet affixed to the shaft; / ^ ^ Permanent 

- 3.ch iha. an :^:;::::^±:x:^- - - - a..... 

.or<,ue .o .he .0.0. asse^^rT^^ ^ ^'^^'^^ ^ ^ ^ 

a masne.lc „ux ra.urn "'^ ""^^-^'^ 

20 / 



f-i- ''"'^e DC motor Of Claim 42 Wherein thp t, .h^ ^ ^ ■ 
made/om a molded plastic. ' 
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'hta. nr^ x_ _ ^ ^. 



44. The DC motor of Claim 42 further 



s.a.o. .e., adapted ,o support z:zX2z '° 

maintained. ^ T S^P 's 



45. The DC motor of Claim 44 wherei/th^ co.i • ^ 
= end p,u. and ..e end be,,, ,.ereP, .cCn. o je 

» ' con,.,,:: „,a.e!^: ™*" °' "^'^ " '^^ '-ed a 



47. 



10 



y such thaUhe rotor assembly is not removable 

pHase win, ^Z^ZXZT''" * ^ 
CdOfiguratton. / '™'' °" ^"""S^'alion and wya 

cnrJL. ™' V' -neced in ,he de„a 



15 



50. 

of: 



A method o, oonstrucng a brushlass OC n,o,or, co„p.3,n, ,he steps 
bonding a permanent magnet ,o a rotatabie shaft, whereby a rotor 



assembled; wnereoy a rotor is 

-a. the a,r .sZZ::^ ~ *° '"^ ^^"^ °' * 

2= stator ,s tormed" '^^ an enoapsu,ated 



anLor 2 :z:::::zz ^'^^ °' - 

rotor; " ^^^'^ ^^9"^*''^ ""x that flows from the 
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52. 

stator stack. 



53. The method of Claim f, .r+h^ 

^ - ,„ 3 ... ..e ccC:r:::r r::: °' ~^ 

5 relationship with the permanent magnet. 

54. The method of Claim f, .r+t.^ 

""uprising (he steps of 
generate.; ' ' ""^ '° '^^ ..a, a magnetic „e. . 

>0 an. .ne ...JyTZlT^"'' ™gne, 
positional .,3,,:**' " ""^^ '° '^^ — '0 sense. 

providing a winding ,o™ ,hat encircles .he rotor- and 
winding the plurality of coils about the winding forn,. 
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